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ARTICLE SUMMARY 



I 



Article focus V 

■ Term infants (born at 37 gestational weeks or 
more) contribute with 30% to all neonatal 
mortality. Infants born at 37 and 38 weeks have 
higher rates of infant mortality than infants born 
at 40 weeks. Little is known about the interplay 
between GA and birth weight for GA and its effect 
on infant mortality. 

Key messages 

■ This study adds detailed analyses of the relation- 
ships between GA and birth weight for GA and 
risks of neonatal and postneonatal mortality and 
causes of infant death. We conclude that induced 
deliveries before 39 weeks gestation should be 
avoided when possible and that extra caution 
should be taken in term pregnancies with 
suspected severe or moderate intrauterine 
growth restriction. 

Strengths and limitations of this study 

■ The main strengths of this study are related to 
sample size and to the large number of 
predefined risk factors and confounders. Limita- 
tions were that some malformations may not 
have been detected, causing a theoretical selec- 
tion bias, and that time trends may have 
influenced the outcome. 



ABSTRACT 

Objective: To investigate infant mortality and causes 
of infant death in relation to gestational age (GA) and 
birth weight for GA in non-malformed term and post- 
term infants. 

Design: Observational, retrospective nationwide 
cohort study. 

Setting: Sweden 1983-2006. 
Participants: 2152 738 singleton non-malformed 
infants born at 37 gestational weeks or later. 
Main outcome measures: Infant, neonatal and 
postneonatal mortality and causes of infant death. 
Results: Infant mortality rate was 0.12% (n=2687). 
Compared with infants born at 40 weeks, risk of infant 
mortality was increased among early term infants 
(37 weeks, adjusted OR 1.70, 95% CI 1.43 to 2.02). 
Compared with infants with normal birth weight for 
GA, very small for gestational age (SGA; <3rd 
percentile) infants faced a doubled risk of infant 
mortality (adjusted OR 2.13, 95% C1 1 .80 to 2.53), and 
corresponding risk was also increased among 
moderately SGA infants (3rd to <10th percentile; 
adjusted OR 1.46, 95% C1 1.26 to 1.68). Sudden infant 
death syndrome (SIDS) was the most common cause 
of death, accounting for 39% of all infant mortality. 
Compared with birth at 40 weeks, birth at 37 weeks 
was associated with increased risks of death by 
infections, cardiovascular disorders, SIDS and 
malignant neoplasms. Very and moderately SGA were 
associated with increased risks of death by neonatal 
respiratory disorders, infections, cardiovascular 
disorders, SIDS and neuromuscular disorders. High 
birth weight for GA was associated with increased 
risks of death by asphyxia and malignant neoplasms. 
Conclusion: Early term birth and very to moderately 
low birth weight for GA are independent risk factors for 
infant mortality among non-malformed term infants. 



INTRODUCTION 

In studies of gestational age (GA) and risks of 
infant mortality and morbidity, infants born 
at term (ie, at 37—41 weeks) are commonly 
used as a reference group. However, recent 
studies highlight that compared with infants 
born at 40 weeks, infants born at 37 and 
38 weeks have higher rates of infant, 
neonatal and postneonatal mortality, as well 
as neonatal morbidity.^ ^ Term infants 
contribute approximately 30% of all infant 
mortality.'^ Low birth weight may be a result 
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of short GA and/ or restricted fetal growth and infants 
born small for gestational age (SGA) are at increased risk 
of infant mortality. In a study of more than 300 000 
infants, both late preterm (34—36 weeks) and term born 
SGA infants were at increased risk of infant mortality 
compared with infants with a normal birth weight for 
GA. Almost half of infant mortality among these infants 
was caused by congenital conditions, but SGA infants 
were also at increased risk of infant mortality after 
excluding infant deaths caused by congenital anoma- 
lies.* 

To our knowledge, there are no previous studies on 
how GA interacts with birth weight for GA on risks of 
neonatal and postneonatal mortality or causes of infant 
death in term and post-term infants. Moreover, earlier 
studies have not separated neonatal and postneonatal 
mortality or compared risks of mortality or causes of 
infant deaths in term and post-term infants. In addition, 
information about possible confounders was also limited 
in previous studies. 

In the present nationwide Swedish investigation, we 
have included information on maternal and infant 
characteristics on more than 2 million singleton live 
births. The aims of this study are to clarify the associa- 
tions between GA and birth weight for GA and risks of 
infant, neonatal and postneonatal mortality as well as 
causes of infant death in term and post-term born non- 
malformed infants. 

METHODS 
Data sources 

The Swedish National Board of Health and Welfare and 
Statistics Sweden provided data from four population- 
based registers. Record linkage of individuals across 
these registries was made possible through the unique 
National Registration Number assigned to each Swedish 
resident at birth or immigration. ' The Swedish Birth 
Register started in 1973 and contains prospectively 
collected data on the mother, pregnancy, delivery and 
infant on 98%-99% of all births in Sweden." ' The 
Education Register includes information on highest 
level of formal education level and is updated yearly. The 
Cause of Death Register collects data on date and cause 
of death on all Swedish residents. The Register of 
Population and Population Changes holds information 
on dates of birth, death, immigration and emigration of 
all Swedish residents. The study protocol was approved 
by the regional ethical vetting board at Karolinska 
Institute!. 

Study population 

The study population was defined as all live singleton 
infants with information on birth weight and GA, born at 
37 completed gestational weeks or later and registered in 
the Birth Registry in 1983-2006 (n=2 242591). In the 
Birth and Cause of Death Registers, diagnoses and 
causes of death are coded according to the International 
Classification of Diseases (ICD). The eighth revision 



(ICD-S) was used from 1983 to 1986, ICD-9 was used 
from 1987 to 1996 and ICD-10 was used from 1997 to 
2006. We excluded infants with a malformation diagnosis 
(ICD-8: 740-759, ICD-9: 740-759 or ICD-10: Q00-Q99) 
in the Birth Registry and/or the Cause of Death Registry 
(n=89 853). The final study population included 
2152 738 infants. 

Exposures 

Our two main exposures were GA and birth weight for 
GA. Estimation of GA was made by ultrasound around 
the 17th week of gestation. If no early second trimester 
ultrasound scan was available, last menstrual period was 
used to calculate GA. Birth weight for GA was cate- 
gorised into percentiles of expected birth weight for GA 
according to the Swedish reference curve for normal 
fetal growth (3rd, 10th, 25th, 75th, 90th and 97th 
percentiles).** At the first antenatal visit (usually at 8—12 
gestational weeks), women were interviewed on their 
smoking habits (non-smoker, 1—9 cigarettes daily and 10 
or more cigarettes daily) and health status, and the data 
were forwarded to the Birth Registry. At delivery, infor- 
mation on the mother's age and parity, diagnoses 
(pre-eclampsia, premature rupture of membranes, 
hypertension and diabetes), mode of delivery (cesarean, 
vaginal instrumental and vaginal non-instrumental 
delivery), infant's year of birth, birth weight, sex, GA and 
diagnoses at discharge was collected and forwarded to 
the Birth Register. Information on mother's education 
level was obtained from the Education Registry in 2005 
and was categorised into 9 years or less, 10— 11 years, 
12 years, 13—14 years and 15 years or more. Largely, this 
categorisation corresponds with Swedish compulsory 
education (7— 16 years of age), vocational secondary 
education, pre-academic secondary education, college 
and university-level studies. Information on the mother's 
country of birth (Sweden, other Nordic countries 
(Denmark, Finland, Iceland and Norway) and outside 
the Nordic countries) was provided by the Register of 
Population and Population Changes. 

Outcome 

Outcome was defined by information on time or cause of 
death, provided by the Cause of Death Registry. Infant 
mortality was defined as death of a live born infant 
during the first year of life (0—364 completed days of 
age). Infant mortality was categorised into neonatal 
mortality, defined as death at 0—27 completed days of 
age, and postneonatal mortality, defined as death at 
28—364 completed days of age. Cause of death was 
categorised into nine groups according to the following 
ICD codes: asphyxia (ICD-8: 77640-77650, 76840, 
76890; ICD-9: 768; ICD-10: P20-P21), neonatal respira- 
tory disorders (ICD-8: 77600-77629, 77660; ICD-9: 
769-770, 786; ICD-10: P22, P24), infections (ICD-8: 
000-139, 320-324, 460-486, 590; ICD-9: 000-139, 
320-324, 464-466, 480-499, 590, 770-771; ICD-10: 
A01-A99, B01-B99, G00-G09, J02-J22, P23, 
P35-P39), cardiovascular disorders (ICD-8/ICD-9: 
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391-459; ICD-10: 100-199, P29, P91), sudden infant 
death syndrome (SIDS; ICD-8: 79500; ICD-9: 798; ICD- 
10: R95), neuromuscular disorders (ICD-8/ICD-9: 
330-359; ICD-10: G10-G99), malignant neoplasms 
(ICD-8/ICD-9: 140-209; ICD-10: C00-C99), external 
causes of death (ICD-8/ICD-9: 800-999; ICD-10: 
V00-V99, W00-W99, Y00-Y99, X00-X99) and other 
(remaining) causes of death. 

Statistical analyses 

Stratum-specific death rates were calculated as {(number 
of deaths in the stratum) / (number of infants at risk in 
the stratum) ) . Outcome was stratified by GA at birth and 
birth weight for GA. Crude and adjusted ORs were 
calculated by logistic regression. In the first model, we 
adjusted for year of birth, and GA was adjusted for birth 
weight for GA and vice versa. In the second adjusted 
model, we also adjusted for mother's country of birth, 
education level, age, parity, smoking status in early 
pregnancy, pre-eclampsia, premature rupture of 
membranes, diagnosis of pregestational and/or gesta- 
tional hypertension or diabetes, mode of delivery, year 
of delivery and infant's sex. Infants who were born at 
40 gestational weeks and/ or with normal birth weight 
for GA (within the 25th to 75th percentiles) served 
as reference group. In analyses of postneonatal mortality, 
we included infants alive at 28 days of age. Birth 
weight for GA was a priori considered a possible effect- 
modifier on the association of GA and infant, neonatal 
and postneonatal mortality. Effect modification 
was tested by likelihood ratio interaction test and 
stratification. 



RESULTS 

Of the total 2152 738 infants born at 37 completed 
weeks or later, 2687 (0.12%) infants died during the first 
year of life. There were 882 (0.04%) neonatal deaths and 
1805 (0.08%) postneonatal deaths. The infant mortality 
rate/1000 live births was 2.37 among infants born at 
37 weeks, 1.52 at 38 weeks, 1.18 at 39 weeks, 1.08 at 
40 weeks, 1.13 at 41 weeks and 1.30 at 42 weeks or more. 
The distribution of risk factors among survivors and non- 
survivors at 1 year of age is presented in eTable 1 . 

Infant mortality 

Compared with infants born at 40 weeks, infants born at 
37 gestational weeks had a more than doubled risk of 
infant mortality in crude analyses. After adjustment for 
maternal, pregnancy and infant factors, being born at 
37 weeks was associated with a 70% increased risk of 
infant mortality. Compared with infants with normal 
birth weight for GA, infants who were assessed as very 
small for GA (very SGA; <3rd percentile) had a doubled 
infant mortality risk and moderately small for GA infants 
(moderately SGA; between the 3rd and the 10th 
percentiles) had a 50% increased risk in the fully 
adjusted model (table 1). 

Neonatal mortality 

Compared with infants born at 40 weeks, infants born at 
37 weeks were at a 2.6-fold increased risk of neonatal 
mortality in the crude analysis and a 70% increased risk 
in the fully adjusted analysis. Post-term infants had 
a 70% increased risk of neonatal mortality in the crude 
analysis and a 40% increased risk in the fully adjusted 



Table 1 Risk of infant mortality in non-malformed singleton term infants born 1983—2006, by gestational week at birth and 
birth weight for gestational age (GA) (n=2152 738) 

Infant mortality 



i 








Adjusted model 1* 


Adjusted model 2t 








Crude (n = 2687) 


(n = 2687) 


(n = 2177) 




Live births (n) 


Deaths (n) 


OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


Gestational weel< 












37 


98326 


233 


2.20 (1.90 to 2.56) 


2.16 (1.86 to 2.51) 


1.70 (1.43 to 2.02) 


38 


241 277 


368 


1.42 (1.25 to 1.61) 


1.42 (1.25 to 1.62) 


1.15 (1-00 to 1.34) 


39 


448264 


530 


1.10 (0.98 to 1.23) 


1.10 (0.98 to 1.23) 


1.05 (0.92 to 1.19) 


40 


595569 


642 


1 .00 (Reference) 


1 .00 ((Reference) 


1 .00 (Reference) 


41 


451 257 


511 


1.05 (0.94 to 1.18) 


1.04 (0.93 to 1.17) 


1.03 (0.91 to 1.18) 


42+ 


310806 


403 


1.20 (1.06 to 1.36) 


1.15 (1.01 to 1.30) 


1.07 (0.93 to 1.23) 


Birth weight for GA percentiles 








1 


^<3 


62 635 


202 


2.82 (2.43 to 3.27) 


2.59 (2.23 to 3.01) 


2.13 (1.80 to 2.53) 


■ 3-<10 


151 558 


280 


1.61 (1.41 to 1.83) 


1.58 (1.38 to 1.79) 


1.46 (1.26 to 1.68) 


^ 10-<25 


321 184 


409 


1.11 (0.99 to 1.24) 


1.10 (0.98 to 1.23) 


1.08 (0.95 to 1.22) 


25-75 


1 074 943 


1234 


1 .00 (Reference) 


1 .00 (Reference) 


1 .00 (Reference) 


>75-90 


321 668 


336 


0.91 (0.81 to 1.03) 


0.91 (0.80 to 1.02) 


0.87 (0.76 to 1 .00) 


>90 to 97 


150183 


146 


0.85 (0.71 to 1.01) 


0.85 (0.71 to 1.00) 


0.79 (0.65 to 0.96) 


>97 


63328 


80 


1.10 (0.88 to 1.38) 


1 .08 (0.86 to 1 .36) 


1 .06 (0.84 to 1 .36) 


*Model 1 adjusts for year of birth and birth weight percentiles or gestational week. 



fModel 2 additionally adjusts for mother's country of birth, education level, age, parity, smoking status in early 
premature rupture of membranes, diagnosis of hypertension or diabetes, mode of delivery, year of delivery and 



pregnancy, pre-eclampsia, 
infant's sex. 
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Table 2 Risk of neonatal mortality in non-malformed singleton term infants born 1983—2006, by gestational weel< at birth and 
birth weight for gestational age (GA) (n=2152 738) 

Neonatal mortality 











Ariiii^tpfi mnHpl 1* 


AHiii^tpH mnHpl ^'f 

#^U|UdlCU IIIWUCI ^ 1 
















Live births (n) 


DGBths (n) 


OR (95% C\) 


OR (95% cn 


OR (95% Ch 


Gestational week 












37 


98326 


86 


2.62 (2.03 to 3.37) 


2.49 (1.93 to 3.21) 


1.73 (1.29 to 2.31) 


38 


241 277 


103 


1.28 (1.01 to 1.62) 


1.26 (0.99 to 1.60) 


0.86 (0.65 to 1.13) 


^ 39 


448264 


133 


0.89 (0.71 to 1.11) 


0.89 (0.71 to 1.10) 


0.84 (0.66 to 1 .08) 




595569 


199 


1 .00 (Reference) 


1 .00 (Reference) 


1 .00 (Reference) 




451 257 


186 


1.23 (1.01 to 1.51) 


1.22 (1.00 to 1.49) 


1.20 (0.96 to 1.50) 


42+ 


310806 


175 


1.69 (1.38 to 2.07) 


1.59 (1.30 to 1.95) 


1.36 (1.08 to 1.71) 


Birth weight for GA percentile 










. <3 


62 635 


81 


3.51 (2.76 to 1 .40) 


3.23 (2.54 to 4.10) 


2.54 (1.93 to 3.33)' 


■ 3-<10 


151 558 


98 


1.75 (1.40 to 2.19) 


1.69 (1.35 to 2.11) 


1.58 (1.23 to 2.02) 


^ 10 to <25 


321 184 


119 


1.00 (0.82 to 1.23) 


0.99 (0.81 to 1.21) 


1.01 (0.81 to 1.27) 


25-75 


1 074 943 


397 


1 .00 (Reference) 


1 .00 (Reference) 


1 .00 (Reference) 


>75-90 


321 668 


95 


0.80 (0.64 to 1 .00) 


0.81 (0.64 to 1.01) 


0.74 (0.57 to 0.95) 


>90-97 


150183 


58 


1.05 (0.79 to 1.38) 


1.05 (0.80 to 1.38) 


0.91 (0.66 to 1.25) 


>97 


63328 


34 


1.45 (1.02 to 2.06) 


1.44 (1.01 to 2.04) 


1.36 (0.93 to 1.98) 


*Model 1 adjusts for year of birth and birth weight percentiles or gestational week. ^ 



fModel 2 additionally adjusts for mother's country of birth, education level, age, parity, smoking status in early 
premature rupture of membranes, diagnosis of hypertension or diabetes, mode of delivery, year of delivery and 



pregnancy, pre-eclampsii 
infant's sex 



analysis. Compared with normal birth weight infants, 
very SGA infants had a 2.5-fold increased risk and mo- 
derately SGA infants a more than 50% increased risk of 
neonatal mortality in the fully adjusted model (table 2). 

Postneonatal mortality 

Compared with infants born at 40 weeks, infants born at 
37 weeks had a doubled risk of postneonatal mortality in 



the crude analysis and a 70% increased risk in the fully 
adjusted analysis. Infants born at 38 weeks also had an 
increased risk of postneonatal mortality. Compared with 
infants with normal birth weight for GA, very SGA 
infants had an almost doubled risk and moderately SGA 
infants a 40% increased risk of postneonatal mortality in 
the fully adjusted model (table 3). We did not detect any 
interactions between GA and birth weight for GA on the 



Table 3 Risk of postneonatal mortality (28—364 days) in non-malformed singleton term infants born 1983—2006 and alive at 
28 days of age, by gestational week at birth and birth weight for gestational age (GA) (n=2 151 746) 



I 



Postneonatal mortality 



Alive at 28 days (n) Deaths (n) 



Crude (n = 1805) 
OR (95% CI) 



Adjusted model 
(n = 1805) 
OR (95% CI) 



Adjusted model 2t 
(n = 1472) ^ 
OR (95% CI) ^ 



Gestational 

37 

38 

39 

40 

41 

42-^ 
Birth weight 

<3 

3 to <10 

10-<25 

25-75 

>75-90 

>90-97 

>97 



week 

98240 
241 174 
448131 
595310 
451 071 
310631 
for GA percentile 

62 554 
151 460 
321 065 
1 074 546 
321 573 
150125 

63294 



147 
265 
397 
443 
325 
228 

121 
182 
290 
837 
241 
88 
46 



2.01 (1.67 to 2.43) 

1.48 (1.27 to 1.72) 
1.19 (1.04 to 1.36) 
1 .00 (Reference) 
0.97 (0.84 to 1.12) 
0.99 (0.84 to 1.16) 

2.49 (2.05 to 3.01) 
1.54 (1.31 to 1.81) 
1.16 (1.02 to 1.33) 
1 .00 (Reference) 
0.96 (0.83 to 1.11) 
0.75 (0.60 to 0.94) 
0.93 (0.69 to 1.26) 



2.00 (1.66 to 2.41) 

1 .50 (1 .29 to 1 .74) 
1 .20 (1 .05 to 1 .37) 
1 .00 (Reference) 
0.96 (0.84 to 1.11) 
0.95 (0.81 to 1.11) 

2.29 (1.89 to 2.78) 

1.51 (1.29 to 1.77) 
1.15 (1.01 to 1.31) 
1 .00 (Reference) 
0.96 (0.83 to 1.11) 
0.75 (0.60 to 0.94) 
0.92 (0.68 to 1.23) 



1.68 (1.36 to 2.10) 
1.34 (1.12 to 1.59) 
1.15 (0.99 to 1.33) 
1 .00 (Reference) 
0.96 (0.82 to 1.12) 
0.92 (0.77 to 1.10) 

1.92 (1.53 to 2.41) 
1.40 (1.17 to 1.68) 
1.11 (0.95 to 1.29) 
1 .00 (Reference) 
0.94 (0.80 to 1.10) 
0.74 (0.58 to 0.94) 
0.92 (0.67 to 1 .27) 



*Model 1 adjusts for year of birth and birth weight percentiles or gestational week. 

fModel 2 additionally adjusts for mother's country of birth, education level, age, parity, smoking status in early 
premature rupture of membranes, diagnosis of hypertension or diabetes, mode of delivery, year of delivery and 
GA, Gestational Age. 



pregnancy, pre-eclampsia, 
infant's sex. 




4 



Altman M, Edstedt Bonamy A-K, Wikstrom A-K, et al. BMJ Open 2012;2:e001152. doi:1 0.11 36/bmjopen-201 2-0011 52 



Gestational age, birth weiglit for gestational age and infant mortality 



risk of infant, neonatal or postneonatal mortality. Obser- 
vations with missing data on any risk factor were excluded 
from the fully adjusted models. We did not detect any 
significant difference of results when comparing analysis 
before and after exclusion of missing data. 

Cause of death 

The main causes of infant death were asphyxia (9.9%), 
neonatal respiratory disorders (3.6%), infections 
(11.3%), cardiovascular disorders (3.4%), SIDS (39.5%), 
neuromuscular disorders (5.3%), malignant neoplasms 
(2.0%), external causes (3.5%) and other causes 
(22.3%). In the 'other causes' category, three subcate- 
gories (neonatal morbidity except respiratory diseases 
and infections, birth trauma and metabolic diseases) 
accounted for two-thirds of the mortality. 

Table 4 shows GA and birth weight for GA and risks of 
infant mortality by cause. Compared with infants born at 
40 weeks, infants bom at early term age were at 
increased risks of death by infections (a more than 
threefold risk at 37 weeks and a more than twofold risk at 
38 weeks), cardiovascular disorders (an almost threefold 
risk at 37 weeks) , SIDS (an almost twofold risk at 
37 weeks and an almost 50% risk increase at 38 weeks), 
malignant neoplasms (a more than threefold risk at 
37 weeks) and other causes of death (an almost three- 
fold risk at 37 weeks). Infants born at 41 weeks or post- 
term (>42 weeks) infants were at increased risk of death 
by asphyxia (a 50% risk increase at 41 weeks and a 2.5- 
fold risk increase at >42 weeks), neonatal respiratory 
disorders (a doubled risk at >42 weeks) and infections 
(a 50% risk increase at &42 weeks). Compared with 
infants with normal birth weight for GA (25th to 75th 
percentiles), very SGA infants (<3rd percentile) had 
more than fourfold increased risks of death by neonatal 
respiratory disorders and cardiovascular disorders, more 
than tripled risks of deaths by neuromuscular disorders 
and other causes of death, and more than doubled risks 
of deaths by infections and SIDS. For moderately SGA 
infants (3rd to 10th percentiles), risks of death by 
neonatal respiratory disorders and other causes of death 
were more than doubled and risk of SIDS was increased 
by 40%. Infants who were very large for GA (very LGA; 
above the 97th percentile) had more than a tripled 
increase in risk of death by asphyxia and malignant 
neoplasms. Infants with a modestly increased birth 
weight for GA (75th to 90th percentiles) had a doubled 
risk of death by neoplasms. 

DISCUSSION 

In this nationwide population-based study, we found that 
the increased all-cause infant mortality risk among early 
term (37 weeks) non-malformed infants was due to 
increased risks of death by infections, cardiovascular 
diseases, SIDS and malignant neoplasms. Being born 
very SGA (<3rd percentile) was associated with a more 
than doubled risk, and being born moderately SGA (3rd 
to 10th percentiles) was associated with an almost 50% 



increased risk of infant mortality. Low birth weight for 
GA was associated with increased risks of death by all 
causes except malignant diseases. Post-term birth (42 
+ weeks) was a risk factor for neonatal but not for post- 
neonatal mortality and was associated with increased 
risks of death by infections, neonatal respiratory disor- 
ders and asphyxia. High birth weight for GA was associ- 
ated with increased risks of death by asphyxia and 
malignant diseases. This is the first study to show the 
interplay between GA and birth weight for GA with 
respect to risks of neonatal and postneonatal mortality 
and causes of infant death in term, non-malformed 
infants. Access to a large database permitted the inclu- 
sion of a wide range of possible confounders and 
enabled the separation of infant mortality into neonatal 
and postneonatal mortality. Additionally, an analysis of 
the contribution of GA and birth weight for GA to cause 
of death in term and post-term infants was performed. 

Strengths and limitations 

The main strengths of our study were related to sample 
size and precision but also to the large number of 
predefined risk factors and confounders. GA was deter- 
mined by ultrasound in most pregnancies, data were 
prospectively recorded and the number of pregnancies 
with missing information was low. The validity of self- 
reported smoking has been reported to be high among 
pregnant women in the Swedish Birth Registry.^ 
However, one limitation was that some malformations 
may not have been detected and diagnosed at the 
physical examination after birth. As all malformation- 
related death causes were excluded from the study, the 
majority of these undetected malformations would 
probably not be related to infant mortality. However, the 
remaining malformations in the study group could be 
a theoretical source of selection bias. In addition, sample 
size was not large enough to adjust analyses of causes of 
death for all confounders. Time trends may also have 
influenced the outcome, as obstetric and neonatal care 
as well as diagnostic practices and rates of infant 
mortality have changed during the study period. We 
have tried to control for this time effect by adjusting all 
analyses for year of birth. 

GA and infant mortality 

Infant mortality is inversely related to GA at birth, and 
this association persists even at late preterm and term 
gestations.^ This fact may not be publicly recognised 
and the heterogeneity of risk within the group of term 
infants deserves more attention. Data on risks of infant, 
neonatal and postneonatal mortality in different gesta- 
tional weeks and identification of especially vulnerable 
individuals are necessary when planning elective deliv- 
eries and for assembling the right competence and 
surveillance around the newborn infant after delivery.^" 
There has been a tendency to electively deliver 
infants on relative indications at early term GAs in 
Western countries, instead of postponing delivery until 
the pregnancy has reached full term. As demonstrated 
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Table 4 Cause of death by gestational week at birth and birth weight for GA percentile among term, non-malformed infants 




Infant mortality 








Gestational week or 






Crude 


Adjusted model 1 


birth weight for GA percentile 


Mortality number 


Rate/1000 live births 


OR (95% CI) 


OR (95% CI) 


Asphyxia (n=238) 










37 


12 


0.12 


1 .43 (0.76 to 2.67) 


1.36 (0.72 to 2.55) 


38 


14 


0.06 


0.68 (0.38 to 1 .22) 


O oo /O O^ H H 0\ 

0.66 (0.37 to 1.19) 


39 


31 


0.07 


o OH t r\ CO H o/^\ 

0.81 (0.52 to 1 .26) 


r\ oo 1 r\ CH H oc\ 

0.80 (0.51 to 1 .25) 


40 


51 


0.09 


1 .00 (Reference) 


1.00 (Reference) 


41 


Ol 


U.14 


1 .t3o (1 .Uy to li.iiijj 


H CO /H H n o on\ 
1 .OO (1 . 1 U to iL.iL\i) 


S42 


69 


0.22 


2.59 (1 .81 to 3.72) 


O CO /H ^n O ^H \ 

2.58 (1.79 to 3.71) 


K3 


10 


0.73 


H CO /o or\ o r\o\ 

1 .53 (0.80 to 2.93) 


H Ai 1 r\ "7"7 o or\\ 

1 .47 (0.77 to 2.80) 


^■o— <1(J 


2J 


0.1 0 


H AC /r\ no o oo\ 
1 .4b (O.yo to 2.2o; 


H on /n on o h o\ 

1 .39 (0.89 to 2.1 8) 


^ 10— <25 


29 


0.09 


0.87 (0.58 to 1 .30) 


o n A 1 r\ CO *rt H 0"7\ 

0.84 (0.56 to 1 .27) 


25—75 


112 


0.10 


1 .00 (Reference) 


1 .00 (Reference) 


>75— 90 


29 


0.09 


0.87 (0.58 to 1 .30) 


r\ oo 1 r\ cr\ h oo\ 

0.89 (0.59 to 1 .33) 


^ nr\ o"7 

>9U— y7 


lb 


O ^ H 

0.1 1 


^ AO /r» £n ^ 70\ 
1 .02 (O.b 1 to \./o} 


H nc /n CO t/^ H "7n\ 

1 .06 (O.Do to 1 .79) 


>97 


19 


0.30 


2.88 (1 .77 to 4.69) 


o r\r\ /H oo c oo\ 

3.09 (1 .89 to 5.03) 


Neonatal respiratory disorders (n= 


=87) 








37 


5 


0.05 


1 .38 (0.52 to 3.64) 


1.33 (0.50 to 3.53) 


38 


7 


0.03 


0.79 (0.34 to 1 .84) 


o OO 1 r\ n A H oo\ 

0.80 (0.34 to 1 .88) 


39 


6 


0.01 


0.36 (0.15 to 0.89) 


O 07 /r\ H C O OH \ 

0.37 (0.15 to 0.91) 


40 


22 


0.04 


1 .00 (Reference) 


1 .00 (Reference) 


41 




U.UiD 


1 .Oi:d (U./O to iL.oti) 


H OO lr\ "7H \r-\ O OH\ 

1 .1:10 to <f:.ol ) 


^ S42 


25 


0.08 


OHO /H OO *rt O 0^\ 

2.1 8 (1 .23 to 3.86) 


H no /H no *rt 0 yio\ 

1 .92 (1 .08 to 3.42) 


^<3 


1 1 


0.37 


A OH /O O^ O 00\ 

4.61 (2.37 to 8.96) 


A HO 1 f\ H 0 0 OH \ 

4.10 (2.10 to 8.01) 


o— <10 


lb 


0.1 1 


o 77 /^ cc ^ oo\ 
2./ / (1 .55 to 4.93) 


0 CC /H ytO trt y1 C y1 \ 

2. Ob (1.4o to 4.04) 


" 10— <25 


12 


0.04 


O oo /O ^O H 00\ 

0.98 (0.52 to 1 .86) 


0 r\ A 1 r\ A r\ h ^o\ 

0.94 (0.49 to 1 .78) 


25—75 


41 


0.04 


1 .00 (Reference) 


1 .00 (Reference) 


>75— 90 


2 


0.01 


OHO /o Oyl t— o o~7\ 

0.1 6 (0.04 to 0.67) 


0 H "7 1 r\ r\A *rt 0 "TOX 

0.17 (0.04 to 0.70) 


1 ^ nr\ o"7 
^ >9U— 97 


c 
O 


O.Uo 


O 0"7 /O OC O OH\ 

(J.o/ (U.oo to 2.21 ) 


n no /n oc o Oyi\ 

0.92 (O.ob to 2.34) 


■ >97 


0 


0 






Infections (n=317) 










37 


35 


0.36 


3.37 (2.23 to 5.09) 


3.34 (2.21 to 5.05) 


Of!) 


55 


0.23 


OHO /H cr\ o r\o\ 

2.16 (1 .50 to 3.09) 


0 HO /H CO l-rt 0 H/1\ 

2.18 (1 .52 to 3.14) 


k on 


51 


0.1 1 


H oo /O "7/1 H CO\ 

1 .08 (0.74 to 1 .56) 


H 00 1 r\ 7C l-rt H cc\ 

1 .08 (0.75 to 1 .56) 




63 


0.1 1 


1 .00 (Reference) 


1.00 (Reference) 


r 41 


CO 

Kid. 


U. 14 


H on /n no +^ h oa\ 
1 .oU (U.9i: to 1 .C34; 


H on /n nn h Qyi\ 
1 .i::9 (U.yi to 1 .o4) 


^_^S42 


51 


0.16 


H /H r\~I +rt O O /I \ 

1 .55 (1 .07 to 2.24) 


H ^n /H no 0 H c\ 

1 .49 (1 .03 to 2.1 6) 


■ 


25 


0.39 


O 0"7 /H A 00\ 

2.67 (1 .75 to 4.06) 


0 00 /H 0 0^\ 

2.39 (1 .57 to 3.65) 


■ 3— <10 


27 


0.18 


H HO /O ~70 .L— H ^0\ 

1.19 (0.79 to 1.79) 


H H r~ /O li.^ H ^ yl \ 

1.15 (0.77 to 1.74) 


10— <25 


43 


0.13 


o oo /o o j1 H or"\ 

0.89 (0.64 to 1 .25) 


0 00 /O 00 H 0 yl \ 

0.89 (0.63 to 1 .24) 


^ 25—75 


161 


0.15 


1 .00 (Reference) 


1 .00 (Reference) 


>75— 90 


34 


0.1 1 


r\ 7H /o Ar\ +« H oo\ 

0.71 (0.49 to 1 .02) 


0 70 1 r\ Af\ H oo\ 

0.70 (0.49 to 1 .02) 


~ >9U— 97 


21 


U.14 


o no /n cn h ^"7\ 

0.9o (0.59 to 1 .47) 


n no /n co h /ic\ 

0.92 (0.58 to 1 .45) 


>97 


6 


0.09 


r\ oo /o oo H *i o\ 

0.63 (0.28 to 1 .43) 


0 00 /r\ OT l-rt H oo\ 

0.60 (0.27 to 1 .36) 


Cardiovascular disorders (n=95) 










37 


10 


0.10 


2.89 (1.36 to 6.13) 


2.80 (1.32 to 5.96) 


38 


9 


0.04 


H r\c ( r\ Ar\ o oh \ 

1 .06 (0.49 to 2.31 ) 


H r\7 /r\ yf 0 0 r> A\ 

1 .07 (0.49 to 2.34) 


39 


23 


0.05 


1 .46 (0.81 to 2.63) 


1 .47 (0.81 to 2.65) 


A(\ 

4U 


^1 


n r\A 
U.U4 


1 .uu (HeTerence; 


1 .uu (Heterence) 


41 


15 


0.03 


0.94 (0.49 to 1.83) 


0.92 (0.48 to 1 .79) 


^^42 


17 


0.05 


1 .55 (0.82 to 2.94) 


1 .42 (0.75 to 2.70) 


^<3 


11 


0.17 


4.50 (2.32 to 8.73) 


4.21 (2.16 to 8.20) 


3-<10 


10 


0.07 


1 .69 (0.85 to 3.37) 


1 .67 (0.84 to 3.34) 


10-<25 


16 


0.05 


1 .28 (0.72 to 2.27) 


1.27 (0.72 to 2.27) 
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Table 4 Continued ^^BB 






Infant mortality 








Gestational week or 








Crude 


Adjusted model 1 


birth weight for GA percentile 


Mortality number 


Rate/1000 live births 


OR (95% CI) 


OR (95% CI) 


25-75 




42 


0.04 


1 .00 (Reference) 


1 .00 (Reference) 


>75-90 




10 


0.03 


0.80 (0.40 to 1.59) 


0.79 (0.40 to 1 .58) 


>90— 97 




5 


0.03 


0.85 (0.34 to 2.15) 


rv OA I r\ 00 i-rt OHO 

0.84 (0.33 to 2.1 2 


>97 




1 


0.02 


0.40 (0.06 to 2.94) 


0.39 (0.05 to 2.81) 


RIDS Cn- 1 107^ 

Vj 1 LJ\J I 1 1 1 I \J 1 1 












37 




90 


0.92 


1.87 (1.48 to 2.37) 


1.86 (1.47 to 2.35) 


38 




171 


0.71 


1 .45 (1 .20 to 1 .75) 


1 .47 (1 .21 to 1 .77) 


39 




235 


0.52 


1.07 (0.90 to 1.27) 


1.07 (0.91 to 1.28) 


40 




292 


0.49 


1 .00 (Reference) 


1.00 (Reference) 


41 




1 94 


0.43 


0.88 (0.73 to 1 .05) 


0.87 (0.73 to 1 .05) 


li 




125 


0.40 


0.82 (0.67 to 1.01) 


0.79 (0.64 to 0.97) 


V<3 




79 


1 .22 


2.61 (2.06 to 3.31) 


2.40 (1.89 to 3.04) 


W3— <io 




107 


0.71 


1.46 (1.19 to 1.80) 


1.43 (1.16 to 1.76) 


10— <25 




178 


0.55 


1.15 (0.97 to 1.36) 


AAA / r\ r\ /"* i _^ A r\ ^ \ 

1.14 (0.96 to 1.35) 


25-75 




519 


0.48 


1 .00 (Reference) 


1.00 (Reference) 


>75-90 




147 


0.46 


0.95 (0.79 to 1.14) 


0.95 (0.79 to 1.14) 


>90— 97 




51 


0.34 


0.70 (0.53 to 0.94) 


0.70 (0.53 to 0.94) 


>97 




26 


0.41 


0.85 (0.57 to 1.26) 


0.84 (0.57 to 1 .24) 


Npi irnmi i^^n liar Hic;nrrlpr*? ^n— 


143) 










37 




9 


0.09 


1 .65 (0.79 to 3.45) 


1.61 (0.77 to 3.36) 


38 




18 


0.07 


1 .35 (0.76 to 2.39) 


1.36 (0.76 to 2.41) 


39 




33 


0.07 


1 .33 (0.82 to 2.15) 


1.34 (0.83 to 2.17) 


40 




33 


0.06 


1 .00 (Reference) 


1 .00 (Reference) 


41 




31 


0.07 


1 .24 (0.76 to 2.02) 


1 .22 (0.75 to 1 .99) 


>42 




19 


0.06 


1.10 (0.63 to 1.94) 


1 .02 (0.58 to 1 .80) 


Ho 




15 


0.31 


3.84 (2.20 to 6.73) 


3.72 (2.12 to 6.53) 


^1 3— <10 




13 


0.09 


1 .38 (0.76 to 2.49) 


1 .37 (0.75 to 2.48) 


^■10— <25 




26 


0.08 


1 .30 (0.83 to 2.04) 


1.30 (0.82 to 2.04) 


^25-75 




67 


0.06 


1 .00 (Reference) 


1 .00 (Reference) 


>75-90 




16 


0.05 


0.80 (0.46 to 1.38) 


0.80 (0.46 to 1 .38) 


>90— 97 




3 


0.02 


0.32 (0.10 to 1 .02) 


0.32 (0.1 0 to 1 .02) 


>97 




3 


0.05 


0.76 (0.24 to 2.42) 


0.75 (0.24 to 2.40) 


Malinnant nprmlpt^nT? — 

IVIdllVJI ICll IL 1 I^UL/ICIOI 1 10 11 1 \J\J 1 












37 




5 


0.05 


3.37 (1.13 to 10.05) 


3.26 (1.09 to 9.75) 


38 




7 


0.03 


1 .92 (0.72 to 5.16) 


1.85 (0.69 to 4.98) 


39 




17 


0.04 


2.51 (1 .12 to 5.63) 


2.46 (1.10 to 5.53) 


40 




9 


0.02 


1 .00 (Reference) 


1.00 (Reference) 


41 




9 


0.02 


1 .32 (0.52 to 3.33) 


H nr^ I r\ c A 0 yio\ 

1 .36 (0.54 to 3.43) 






9 


0.03 


1 .92 (0.76 to 4.83) 


2.05 (0.81 to 5.16) 


■ <3 




0 


0 






W 3— <10 




4 


0.03 


1 .23 (0.43 to 3.57) 


1.19 (0.41 to 3.45) 


10— <25 




6 


0.02 


0.87 (0.36 to 2.14) 


0.86 (0.35 to 2.12) 


25-75 




23 


0.02 


1 .00 (Reference) 


1.00 (Reference) 


>75-90 




14 


0.04 


2.03 (1 .05 to 3.95) 


2.03 (1.05 to 3.95) 


>90-97 




4 


0.03 


1 .25 (0.43 to 3.60) 


1 .23 (0.43 to 3.57) 


>97 




5 


0.08 


3.69 (1 .40 to 9.71) 


3.58 (1.36 to 9.46) 


External causes of death (n= 


96) 










37 




6 


0.06 


1 .58 (0.64 to 3.88) 


1.56 (0.63 to 3.83) 


38 




13 


0.05 


1 .40 (0.71 to 2.75) 


1.40 (0.71 to 2.78) 


39 




24 


0.05 


1 .39 (0.78 to 2.46) 


1.39 (0.79 to 2.46) 


40 




23 


0.04 


1 .00 (Reference) 


1 .00 (Reference) 


41 




18 


0.04 


1.03 (0.56 to 1.91) 


1.03 (0.56 to 1.91) 


>42 




12 


0.04 


1.00 (0.50 to 2.01) 


0.97 (0.48 to 1 .95) 
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Table 4 Continued 




Infant mortality 

Gestational week or Crude Adjusted model 1 

birth weight for GA percentile Mortality number Rate/1000 live births OR (95% CI) OR (95% CI) 



W 




n 1 1 
\j. 1 1 


? 1 Q Q4 tn 1 '^^ 




r o — <. \ U 


Q 


U.VJD 


1 .oD ^U.D/ LU c.. 1 I ) 




10-<25 


14 


0.04 


1.00 (0.55 to 1.81) 


0.99 (0.55 to 1.81) 


25-75 


47 


0.04 


1.00 (Reference) 


1.00 (Reference) 


> I o — yu 


14 
1 *f 


U.VJ'f 


1 .UU ^U.OO lU 1 .0 1 ^ 


n QQ in tr» 1 ^^^^ 
u.yy ^u.oo lu i .ou; 


\Qn Q7 


o 
c. 


U.U 1 


n qi nv tr» 1 9f^\ 


n qn in nv trt i or\ 


>y / 


A 


U.UD 


1 .H-O ^U.Oii lU '+.U 1 / 




Othpf pai iQPQ nf Hpath — ^RR^ 

\J\.\ Id l.rCtU0C70 Ul UCdLI 1 \\ 1 — %J\JOf 










Of 


O^l 


n Rq 






OO 


/ o 


n qo 


1 .'f / ^ 1 . 1 1 lu 1 .yo^ 


1 AR {^ 1 n trt 1 Q9\ 


39 


112 


0.25 


1 1 4 RR tn 1 4fi^ 

1 . 1 *-r ^W.UU lU 1 ."-rKJ f 


1 14 en RR tn 1 4fi^ 

1 . 1 \ W.UU WJ 1 . IV-/ 1 


40 


131 


0.22 


1 .00 (Reference) 


1 .00 (Reference) 


41 


106 


0.23 


1.07 (0.83 to 1.38) 


1 .06 (0.82 to 1 .36) 


>42 


79 


0.25 


1.16 (0.87 to 1.53) 


1 .08 (0.82 to 1 .43) 




48 


1.55 


3.59 (2.63 to 4.89) 


3.30 (2.41 to 4.50) 


^ 3-<10 


74 


0.49 


2.28 (1.76 to 2.97) 


2.23 (1.71 to 2.90) 


10-<25 


90 


0.28 


1.31 (1.03 to 1.67) 


1.30 (1.02 to 1.66) 


25-75 


230 


0.21 


1 .00 (Reference) 


1 .00 (Reference) 


>75-90 


71 


0.22 


1.03 (0.79 to 1.35) 


1 .03 (0.79 to 1 .35) 


>90-97 


39 


0.26 


1.21 (0.86 to 1.70) 


1.20 (0.85 to 1.69) 


>97 


16 


0.25 


1.18 (0.71 to 1.96) 


1.13 (0.68 to 1.88) 



Model 1 adjusts for year of birth and birth weight SD percentile or gestational week. 
SIDS, sudden infant death syndrome. 



in this and other studies/ ^ early term deUvery may have 
detrimental effects on infant morbidity and 
mortality rates on a population-based level and must be 
avoided when not medically indicated. When compared 
with full-term birth, early term birth has also been asso- 
ciated with negative long-term effects, such as increased 
use of asthma medication, higher prevalence of atten- 
tion deficit disorders, lower cognition and an over- 
representation of psychiatric disorders. To put the 
effect size into perspective, our results also show that, 
compared with being born post-term (a recognised risk 
group at delivery), being born early term is associated 
with a 60% higher risk of infant mortality. 

Birth weiglit and infant mortality 

A higher infant mortality among SGA infants is well 
documented at all GAs. Our results show that very 

and even moderately SGA infants must be regarded as 
extra vulnerable to adverse events during the course of 
their first year of life. In Sweden, SGA is defined as 
a birth weight of <— 2 SD of expected birth weight for 
GA, a limit approximately corresponding to the 2, 5th 
percentile. But in international literature, SGA is usually 
defined as less than the 10th percentile of expected birth 
weight for GA. In this study, we show that risks of infant, 
neonatal and postneonatal mortality are increased 
already at the 10th percentile, which calls for a review of 
the current Swedish SGA definition. This is the first 



study on the impact of GA and birth weight for GA on 
risks of infant, neonatal and postneonatal mortality 
among term infants that is able to adjust for important 
socioeconomic, maternal, delivery and infant 
confounders. After adjusting for these factors, the risk 
estimates decreased, but associations were still signifi- 
cant. Although adjusted risk estimates may be important 
from an etiologic perspective, unadjusted risks may be 
more relevant from a clinical perspective. 

Cause of death 

Several of the examined causes of death in this study may 
be preventable in term infants by improved prenatal, 
delivery and neonatal care routines. First, early term 
birth per se was associated with increased risks of death 
by infections and SIDS. We conclude that non-medically 
indicated deliveries should be avoided at 37—38 gesta- 
tional weeks when possible. Second, SGA was associated 
with increased risks of death caused by infections and 
SIDS, which again puts the focus on intrauterine growth 
patterns and the importance of appropriate growth 
surveillance during pregnancy. Third, post-term delivery 
was associated with increased risks of death by asphyxia, 
infections and neonatal respiratory disorders. In recent 
years, induction of delivery has become more common 
from gestational week 42+0 in Sweden, mainly to avoid 
intrauterine death. This study suggests that these inter- 
ventions may be lifesaving also after a live birth. Fourth, 



8 



Altman M, Edstedt Bonamy A-K, Wikstrom A-K, et al. BMJ Open 2012;2:e001152. doi:1 0.11 36/bmjopen-201 2-0011 52 



Gestational age, birth weiglit for gestational age and infant mortality 



a high birth weight for GA was associated with an 
increased risk of death by asphyxia and malignant 
neoplasms. Among high-risk mothers, that is, mothers 
with high body mass index and/or diabetes,^ pref- 
erable interventions may be normalised prepregnancy 
body mass index, minimalised weight gain during preg- 
nancy and improved metabolic control. In lack of 
effective nutritional and metabolic strategies, asphyxia 
could possibly be avoided by special attention at delivery 
in this risk group. 

CONCLUSIONS 

To the field of studies on infant mortality among term 
infants, our study adds detailed analyses of the rela- 
tionships between GA and birth weight for GA and 
risks of neonatal and postneonatal mortality and causes 
of infant death. Our main conclusions are that non- 
medically indicated deliveries before 39 weeks gestation 
should be avoided when possible and that extra caution 
should be taken in term pregnancies with suspected 
severe or moderate intrauterine growth restriction. We 
also conclude that at least some of the infant mortality 
among non-malformed term infants might be prevented 
by improvements in antenatal and neonatal care. 
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